D
ue to transmission of the apicomplexan protozoan Toxoplasma gondii from a mother with acute infection to her fetus, congenital toxoplasmosis can cause severe diseases or sequelae, mainly concerning the eye (retinochoroiditis) and the brain (1) . The severity of congenital toxoplasmosis ranges from asymptomatic or mild infection to severe symptoms (hydrocephalus, microcephaly, or encephalitis) or sequelae (visual impairment, intracranial calcifications, or psychomotor or mental retardation), and even in utero abortion or fetal death (especially when maternal infection occurs early in the pregnancy) (2, 3) .
Antibiotic treatment-usually spiramycin, or pyrimethamine associated with a sulfonamide-can be started in several situations: acute infection in a pregnant woman and positive prenatal or postnatal diagnosis of congenital infection. Such treatments have been shown to decrease the risk of infection for the fetus and to avoid critical symptomatology (4, 5) . Since this infection is often asymptomatic or with unspecific symptoms in adult patients, serologic tests are useful, especially for the prevention of transmission to the fetus (6) . The detection of an acute infection can be made by detecting antibodies in a pregnant woman who was previously seronegative. Presence or absence of immunoglobulin M (IgM) antibodies, titers of IgG antibodies, and antibody kinetics may then help date the infection (7) . When a woman presents with anti-T. gondii IgG and IgM at the first serological testing during pregnancy, assessing the avidity of the IgG antibodies may help exclude a recent infection (i.e., an infection in the past 4 months, generally) (7, 8) . These serologic tests are also important for the follow-up of newborns from mothers infected during pregnancy, because they allow detection of neosynthesized IgM or IgG antibodies, in addition to highly sensitive, qualitative serologic tests (Western blots) (7, (9) (10) (11) .
Since the 1940s, serologic tests have evolved from manual to completely automated techniques (12, 13) . Evaluations of the Vidas system (bioMérieux) for detection of toxoplasmosis IgG and IgM were first published in the 1990s and involved comparisons with techniques that are, for the most part, no longer commercialized today (14) (15) (16) (17) . Since then, the system has been poorly evaluated (18) and has been used in studies mainly as a comparator (19) (20) (21) (22) . Vidas was also the first system allowing the automated assessment of anti-T. gondii IgG avidity (23) . Vidas assays are still used today, either as first-line techniques in routine testing for small-volume testing laboratories or as second-line techniques for confirmation and expertise. However, more recently, competitor systems with highly sensitive and specific techniques have emerged (19, 22, (24) (25) (26) . An updated evaluation of the accuracy and usefulness of the Vidas system compared with more recent techniques is therefore necessary.
The aim of this study was to determine the current performance of the Vidas system for diagnosing toxoplasmosis in pregnant women and newborns. To do this, we compared the results of anti-T. gondii IgG, IgM, and IgG avidity measurements obtained with three automated systems: the Vidas, the Architect (Abbott), and the Liaison (DiaSorin) systems.
MATERIALS AND METHODS
Study design. Sera were prospectively collected and assessed with the Vidas system as part of the routine work of our clinical laboratory (ParasitologyMycology Clinical Laboratory, Grenoble University Hospital, Grenoble, France). The analyses with the comparator system Architect were made retrospectively in our laboratory, and those with the comparator system Liaison were made in a private laboratory (Biomnis, Lyon, France).
Patients and sera. A total of 687 serum samples were included in this study, taken from routinely analyzed, nonimmunocompromised women. Group A contained 500 sera from 433 pregnant women and women of childbearing age whose sera were sent to our laboratory for Toxoplasma serologic tests between September 2011 and January 2012. Group B was constituted of 51 sera from 15 pregnant women presenting with seroconversion during their pregnancy (3 or 4 consecutive serum samples for each patient). Group C comprised 80 serum samples from 19 infants of mothers who seroconverted during their pregnancy (2 to 7 consecutive sera for each patient), 10 of whom developed congenital toxoplasmosis (and were subsequently treated with pyrimethamine-sulfonamide from the first days of life when the diagnosis was prenatal or a few days after diagnosis when it was postnatal) and 9 of whom did not. Diagnosis of congenital toxoplasmosis was made (i) through prenatal amniotic fluid analysis (positive PCR and/or mice inoculation in cases 5, 7, 9, and 10; see Table 7 ); (ii) on the basis of serological evidence in the first days of life (neosynthesized IgG and/or IgM in newborn serum in cases 1, 4, and 8); or (iii) on the basis of delayed serological evidence (IgM detection at 4 months [case 3] or 5 months [cases 2 and 6]). Group D comprised 54 sera from 53 pregnant women for whom avidity had been routinely assessed during 2010 because of positive IgG and IgM and no evidence of recent or old infection. Sera were stored at Ϫ20°C for a few days up to 5 months (group A) or 2 to 5 years (groups B, C, and D). Samples were transported among laboratories at Ϫ20°C.
Serologic tests. All sera were tested for the detection of anti-T. gondii IgG and IgM antibodies using the Vidas Toxo IgGII and Toxo IgM assays (bioMérieux, Marcy l'Étoile, France) (27, 28) , the Architect Toxo IgG and Toxo IgM assays (Abbott Laboratories, Wiesbaden, Germany) (24) , and the Liaison Toxo IgG and IgM assays (DiaSorin, Saluggia, Italy) (19) .
In addition, group D sera were analyzed with the Vidas Toxo IgG Avidity assay (bioMérieux) (23, 29) , the Architect Toxo IgG Avidity assay (Abbott Laboratories) (24, 30) , and the Liaison Toxo IgG Avidity II assay (DiaSorin) (19) . Cutoff values used to interpret the results were those recommended by the manufacturers (Table 1) .
Sample characterization. The presence or absence of anti-T. gondii IgG or IgM was determined by concordance between the three automated systems. To solve discrepancies (i.e., to distinguish a recent from a distant seroconversion or to conclude on the presence or the absence of a congenital transmission), we used results of previous or subsequent sera and global interpretation of the clinical and biological data together with results of our routine homemade IgG and IgM indirect immunofluorescence assays (31) and an IgM immunosorbent agglutination assay (Toxo Isaga IgM; bioMérieux) (32) . For 12 sera with undetermined presence or absence of IgG (due to discordant or gray zone results), Sabin-Feldman dye tests were also performed in the Parasitology-Mycology Clinical Laboratory of the Limoges University Hospital, France. This procedure was used to determine whether the results obtained from the compared systems were true or false positives or negatives. 
Data analysis. The sensitivity (Se), specificity (Sp), and positive and negative predictive values (PPV and NPV, respectively) were calculated from group A results as follows: (i) Se ϭ 100 ϫ true positive/(true positive ϩ false negative); (ii) Sp ϭ 100 ϫ true negative/(true negative ϩ false positive); (iii) PPV ϭ 100 ϫ true positive/(true positive ϩ false positive); (iv) NPV ϭ 100 ϫ true negative/(true negative ϩ false negative).
For each of these parameters, the value was calculated in three ways: with gray zone results excluded, with gray zone results included as positive results, and with gray zone results included as negative results.
Cohen's kappa value was calculated to assess the agreement between two compared assays in each group; agreement with kappa values of 0.00 to 0.20 was considered slight, 0.21 to 0.40 fair, 0.41 to 0.60 moderate, 0.61 to 0.80 substantial, and 0.81 to 1.00 almost perfect (33) . The Student t test was used to assess differences between Pearson correlation coefficients. The McNemar test was used to compare percentages of high avidity values provided by each assay. A results. In this group, the prevalence of positive IgG sera was 12.8% (64 of 500 sera were true positives), while the prevalence of positive IgM was 2.2% (11 of 500 sera). In addition, these parameters were calculated in group B for IgM, because of the high prevalence of positive IgM (76.5%) in this group. All parameters reached 100% for each assay, except for the Liaison assay, which had a 97.4% Se and a 91.7% NPV due to a single false-negative result (case 7). IgG and IgM assay kinetics. Extensive sequential results of IgG and IgM assays for group B are provided in Table 5 . In cases of seroconversion, IgMs were detected at the same time by the three assays, except in case 7, for which the Liaison assay provided the only negative result for the first sample. In four cases, IgGs were detected earlier with the Liaison and Architect assays than with the Vidas assay; notably, in case 11, the Vidas assay provided only gray zone results. In three cases, IgGs were detected earlier with the Architect assay than with the Liaison and Vidas assays. In one case, IgGs were detected earlier with the Liaison and Vidas assays than with the Architect assay.
RESULTS

Agreement
Extensive sequential results of IgG and IgM assays for children from group C without congenital toxoplasmosis are provided in Table 6 . In only one of the nine cases, maternally transmitted IgGs were detected for a longer period of time with the Liaison and Architect assays than with the Vidas assay, while they were detected for a longer period of time with the Architect assay than with the other two assays in three cases. No IgMs were detected by any of the three assays in this subgroup. Extensive sequential results of IgG and IgM assays for infants with congenital toxoplasmosis from group C are provided in Table 7 . In case 10, Architect provided a gray zone IgG result for the first sample, which was retested and found to be a true positive with the Sabin-Feldman dye test. In 3 of 10 congenital toxoplasmosis cases, IgMs were detected once in the sequence (in two cases with only the Liaison assay and in one case with both the Liaison and Vidas assays).
IgG avidity assays. Qualitative IgG avidity results are compared in Table 8 . The general agreement between Vidas and the comparators was substantial, reaching 82% with the Architect assay and 81.5% with the Liaison assay (Table 4) . Values from the Vidas assay were highly correlated with those from the Architect assay (r ϭ 0.928, P Ͻ 0.001), while the correlation was lower with the Liaison assay (r ϭ 0.795, P Ͻ 0.001) (Fig. 3) . The percentages of high avidity values within the whole group were 63% (34/54), 50% (25/50), and 53.7% (29/54) with the Vidas, Architect, and Liaison assays, respectively. The percentage provided by the Vidas assay was significantly different from that obtained with the Architect assay (P ϭ 0.023) but not from that obtained with the Liaison assay (P ϭ 0.13).
DISCUSSION
The aim of this study was to compare the performances of the Vidas Toxo assays with those of more recent, fully automated assays. Our findings show that the performance of the Vidas system in this field is maintained.
The most important characteristic in screening pregnant women is the absence of false-negative IgM results, as this can lead to misdiagnosed acute toxoplasmic infection and to lack of or delay in treatment and clinical/biological follow-up of the fetus and newborn. Se and NPV must therefore be as high as possible. Calculation of the analytical parameters for IgM showed much higher sensitivities for the Vidas and Liaison assays than for the Architect assay. This Se superiority of the Vidas and Liaison assays was increased when gray zone results were interpreted as positive results, allowing better detection of ongoing seroconversions. This is consistent with the analysis of congenital toxoplasmosis (group C) whereby IgMs in one infant were not detected by the Architect assay in case 3 at the time of diagnosis, while they were by the two other systems, Isaga, and Western blotting (neosynthesized IgM). Consequently, the Vidas and Liaison assays showed very good NPV, although the very low prevalence of IgM-positive sera in group A explains the high levels of NPV for all three assays. The high Se of the Vidas IgM assay has been previously shown, although a value higher than with the Liaison assay was found (20) . We did not observe this difference in group A, but it is worth noting that IgMs were not detected by the Liaison assay in 14 sera from group D (8 gray zone and 6 negative results; data not shown).
Results from group D were not used in the calculation of analytical parameters as positive Vidas IgG and IgM results were major criteria for inclusion in this group. Moreover, the analysis of group B showed a decreased sensitivity for the Liaison assay. However, this was due to a single false-negative serum reflecting a delay in detection of IgM in seroconversion case 7.
Time of detection of IgM in seroconversion cases is also an important criterion, because it is the signal that triggers further serological explorations to confirm or rule out an acute infection. In this respect, Vidas and Architect assays showed similar performances, whereas IgMs were detected later with Liaison in one case, as mentioned above.
All three IgM assays appeared to be very specific, although better Sp values were obtained with the Vidas and Architect assays than with Liaison. The presence of three false positives with the Liaison assay, which was not expected in light of previous data (20) , together with the very low prevalence of positive IgM, is the reason for the much lower PPV values calculated for this assay.
However, the Se and Sp values that we found can be discussed, as they depend on how reference results are determined. In this study, we interpreted persistent specific IgM as positive samples, but these persistent IgMs may be considered to be an unnecessary source of additional testing and anxiety for the patient; therefore, these samples could be considered negative. In the current study, all three assays detected IgM in the four cases of acute infection from group A; the differences in IgM Se were observed for the detection of persistent IgM (i.e., past infections) only. Analytical parameters for IgG showed a higher Se for the Vidas and Liaison assays than for the Architect assay in the general population of pregnant women evaluated in group A. This was true even when gray zone results were interpreted as negative, which is the safest line of conduct in the context of pregnant women screened for acute toxoplasmic infection, since it indicates that the patient should be followed up during pregnancy. In contrast, the Architect assay appeared to be the most able to detect early IgG in pregnant women with an acute infection (group B), while Vidas was the least sensitive assay in this situation, as previously found by Gay-Andrieu et al. (22) . In case 11, the Vidas assay retrieved only gray zone values for the last two sera included in the study, but the time period studied is short and this case may reflect atypical kinetics. Indeed, the titers did not rise in these three sera with the Architect system, and the first positive result with Vidas was obtained on serum taken at delivery (44 days later, not included in the study) with a very low IgG titer (10 IU/ml). Case 7 is quite atypical, because IgGs were either not detected or detected at a very low level with the three automated assays. However, this was a proven seroconversion, because specific immunofluorescence assay results went from negative to positive with the third serum. In this context, the gray zone value obtained with the Architect assay is of interest, because it provides an additional indication for seroconversion. However, concerning antibody kinetics during seroconversion, detection of IgG only formally confirms the diagnosis of seroconversion, which is already highly suspected on the basis of positive or increasing IgM. An interesting kinetics example is shown by case 14: while the Vidas assays showed a decrease from the second and mostly the third serum samples, variations were not shown before the fourth serum by the Architect (mostly because the first two rates exceeded the upper measurement limit) and the Liaison assays. Case 15 shows a similar trend, the decreasing phase being observable only with the Vidas assay. PPV and Sp reached high levels with all three assays, particularly since low prevalence tends to decrease PPV. Very high Sp and PPV (i.e., few false positives) are important during pregnancy, because they give confidence in a positive IgG result, indicating a past immunity requiring no further follow-up. In this study, high NPVs are not very reliable, since the low prevalence of positive IgG increases this parameter.
In line with its better Se in seroconversions, the Architect IgG assay remained positive for sera from newborns with no congenital toxoplasmosis for a longer time period than the two other assays in three of nine cases. However, in these cases, there is a slight advantage for an assay in detecting clearance of IgG as early as possible (i.e., completely negative IgG test; gray zone results are to be interpreted in this situation as positive), since this allows postnatal follow-up to be withdrawn. All three assays detected high-level and persistent IgG in infants presenting with congenital toxoplasmosis (not all the samples were positive, but there were no misdiagnosed cases). Although it was not possible to confirm slight differences in the techniques for postnatal follow-up, there seemed to be a trend for a higher Se of the Architect assay in this population, which is consistent with what was observed in group B and in healthy children from group C.
It should be noted that we took into account only group A sera for calculations in order to be as close to real conditions as possible and because this was the prospective part of the study. However, if groups B and C had been taken into account, the high Se value for the Vidas assay would have been lowered, compared to the Architect and Liaison assays, by the lack of positivity in some seroconversion sera (group B) and in the last serum of serial testing from healthy newborns (group C). Therefore, the present results are overall concordant with previously published data, which characterized the Vidas IgG assay through its high Sp but moderate Se (16, 21) .
In this study, avidity values provided by the Vidas assay were highly correlated with those from the Architect and Liaison assays. However, the most important parameter required for an avidity assay is the ability to provide high avidity values for chronic toxoplasmosis. From this point of view, the Vidas assay provided more high values and therefore identified more old infections than the comparators. The difference compared to the Architect assay was significant, but that compared to the Liaison was not, mainly due to one serum that was found to be in the gray zone with Vidas and high with Liaison. This is consistent with recent data that concluded that the Vidas IgG avidity assay is the most accurate assay for detecting infection lasting more than 4 months, compared to other avidity assays commercialized in France, including the Architect assay (34) .
The main conclusion to this study is that the Vidas assays are useful for the detection of toxoplasmosis in pregnant women and newborns, as well as for follow-up of newborns with or without congenital transmission of the parasite. This evaluation shows similar performances for Vidas and more recently commercialized systems, notably excellent Sp, and some particularities. The Vidas system provides better Se in screening for both IgG and IgM in pregnant women than the Liaison and Architect assays. The Architect assay and, to a lesser extent, the Liaison assay show a high ability to detect early IgG in seroconversion cases (i.e., a high Se) but have the slight disadvantage of a prolonged detection of passive IgG in healthy newborns. Conversely, in cases of seroconversion, the Vidas system detects IgM as early as the compared assays but is less powerful than the comparators in early detection of newly produced IgG. Consequently, the Vidas system fits the needs of laboratories working on small routine series for first-line testing as well as those of expert laboratories that are often solicited for confirmation, second-line testing due to a high Sp, and a powerful avidity assay.
